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The immune system exists to protect individuals from internal or external agents recognized as 'foreign' while at the same time remaining unresponsive to 'self' antigens. There are several disease states in man in which this state of tolerance has broken down; consequently, tissues bearng specific antigens may be destroyed by the individual's own immune system. This paper describes a small area of current research into the mechanisms of antigeninduce tolerance in vitro.
It has been known since the early 1960s that administration of either large or repeated suboptimal doses of antigens administered to animals causes loss of immune responsiveness (Mitchison 1964) . Subsequent analysis of the cell types involved showed that B lymphocytes were transiently tolerized and T lymphocytes were rendered unresponsive, but for longer periods of time, and only with low doses of antigen (Chiller & Weigle 1972 , Mitchison 1971 , Rajewsky & Brenig 1974 . In contrast to studies on B-cell tolerance, the mechanisms by which T cells achieve this state are still poorly understood. This is parley because of both the heterogeneity of normal T-cell populations and the lack of reproducible in vitro systems.
There is, however, a considerable body of evidence that T-cell tolerance may partly be caused by suppressor T cells generated with high doses of antigen (Gershon & Kondo 1971 , Basten et al. 1974 , Benjamin 1975 , Kolsch et al. 1975 ). This is not the only explanation, as tolerant T lymphocytes have been identified which lack demonstrable suppressor cells (Parks et al. 1978) . Therefore T cells could be tolerized directly by high doses of antigen in the absence of suppressor cells.
TeeD cdmes
The advent of T-cel cloning and the maintenance of continuous lines in T-cell growth factor represent a significant advance in the manipulation of T cells in vitro (Fathman & Fitch 1982) . As a result, it has been possible to re-examine the question of T-cell tolerance more carefully. Recently, Lamb et al. (I982a, b) have shown that human T-cell clones reactive with influenza virus could be isolated and characterized with respect to their specificity to a variety of viral antigens. One of these was a synthetic 24 residue peptide of the haemagglutinin HAl molecule (Green et al. 1982) . It was subsequently shown that one such clone, HAI .7, could be rendered unresponsive with grter than 3 pg/ml of this peptide (p. 20) in a standard proliferation assay. This tolerance was achieved in the absence of presenting cells and was not due to suppression since HAI.7 is a cloned helper T cell ). Thus the antigen specificity, dos requirements and kinetics of tolerance induction and duration could be examined in detail. The effect was entirely dependent on the peptide antigen reognized by the clone, required approximately 18 hours preincubation, and lasted at least six days in a state of antigen non-responsiveness, but could be maintained in T-cell growth factor. The non-responsiveness was therefore not simply caused by cell death.
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Since suppressor cell induction or the production of inhibitory signals from other cells (e.g. presenting cells) could be eliminated as tolerance mhanisms, it was necessary to examine (Reinherz et al. 1980 ). One of these, T3, is present on most peripheral T cells and is possibly involved in antigeninduced proliferation and recognition. When HAl.7 clones were cultured with p.20 in tolerogenic doses, the fate of T3 and other surface antigens was studied by indirect immunofluorescence (Zanders et al. 1983) . It was clear that T3 was lost in proportion to the amount of p.20 added to culture. In addition, antibody to T3 reduced T3 significantly and also induced non-responsiveness in proliferation assays. It was therefore concluded that T3 was involved in antigen triggering. This view is supported by recent data showing that antibodies to putative receptors on cytotoxic T cells also diminish (modulate) T3 (Meuer et al. 1983 ). Tolerance could, at least in this case, be caused by rapid down-regulation of the antigen receptor.
It should be noted that other phenotypic changes occurred in HA1.7 upon tolerance induction. Another widely distributed T-cell antigen, TI, was also modulated, and antibody to TI caused partial tolerance. Antigens such as HLA-A,B,C and DR remained unchanged; but some, such as the E-rosette receptor, were actually enhanced. The significance of these phenomena and their relation to this form of tolerance is unknown. Of interest is the fate of the receptor for IL-2 on clones which have been tolerized with peptide. Using the monoclonal antibody TAC, which recognizes this receptor, and indirect immunofluorescence, TAC binding was shown to increase considerably as the dose response of peptide increased (Lamb et al., in preparation) . It appears, therefore, that during induction of nonresponsiveness to antigen, the T cell compensates for the loss of a proportion of its proliferative ability by enhancing its responsiveness to IL-2. This would emphasize the balance between specific and nonspecific proliferative responses. Subtle biochemical changes may also be seen upon tolerance induction with p.20. Biosynthetic labelling of HAI.7 with 35S-methionine followed by cell lysis and SDS-PAGE has revealed the enhancement and diminution of at least eight polypeptides as the antigen increased (Zanders et al., in preparation) . Some of these may include the surface antigens described above.
The conclusions that we draw from this work are that a relatively simple mechanism for this form of tolerance can be invoked involving an antigen-dependent loss of the T-cell receptor. The other phenotypic and biochemical changes accompany this, however, and clearly much more work remains to be done on the nature of the signals and processes involved in the regulation of lymphocyte proliferation.
